In this correspondence a numerically simple filter for reduction of ringing noise in transform coded images is proposed. The filter adapts to the local image characteristics and has been specifically designed to amend the current deblocking filter in H.263. It is shown that by adding the proposed filter both subjective and objective image quality improve.
Introduction
A well-known deficiency of current video coding standards is the visibility of image degradations at high compression ratios. These image degradations manifest themselves in blocking artifacts due to the rigid block partitioning of the image and ringing noise preferably around edges due to coarse quantization. Both effects are visually very annoying and have a substantial impact on the subjectively perceived image quality.
A widespread principle to overcome this problem is low-pass filtering of the decoded image in either spatial [1] or temporal direction [2] . In order to reduce the numerical complexity, these filters are sometimes restricted to block boundaries, thus specifically tackling blocking noise. A very efficient filter of this type has been standardized and included as optional Annex J in the recently released Version 2 of H.263 [3] . However, while this filter removes much of the blocking noise it does not tackle ringing and mosquito noise.
Since global smoothing for reducing ringing artifacts tends to eliminate important image details, some proposals try to enhance the decoded image by incorporating prior knowledge Electronics Letters, vol. 34, no. 22, pp. 2110 -2112 , October 1998 about typical image data. This leads to maximum a posteriori (MAP) approaches where the Bayesian paradigm can be used to solve an estimation problem involving both a priori knowledge and the decoded image data [4, 5] . However, since this estimation process usually involves numerical optimization of non-convex functionals, the principle is computationally very demanding.
Apart from image restoration after decoding it is also possible to diminish blocking and ringing noise by image pre-processing at the encoder site. This train of thought has e.g. been followed in [6] , where the quantization noise of DCT coefficients is shifted from the block boundaries to the inner part of the block. Other proposals employ Dolby-like noise suppression techniques for reduction of blocking artifacts [7] . Although such noise shaping requires a matched receiver for best performance, a standardized receiver which does not know about the encoder modifications can still decode an image of reasonable quality.
In this contribution we will follow a different approach motivated by the recently released deblocking option in H.263. This filter has been placed within the prediction loop such that the decoded and filtered image serves as reference for the next frame to code. While this makes the filter description normative, it has the advantage that only a single frame storage is needed for prediction as well as display. Following this reasoning, we will describe a possible amendment to this option which specifically takes care of the remaining ringing and mosquito noise.
Deringing Filter
Consider a motion compensated reconstructed image in the prediction loop of H.263 after the deblocking filtering as described in Annex J of [3] has taken place. While the resulting image Electronics Letters, vol. 34, no. 22, pp. 2110 -2112 , October 1998 typically has only very little blocking noise remaining at block boundaries, it does still show considerable ringing artifacts especially towards the center of the image blocks. A deringing filter thus should remove this noise without unduly destroying important high frequency image details. This can be achieved by an adaptive low-pass filter where the filter mask varies depending on the local image characteristics.
Consider a local 3 x 3 neighborhood of decoded image pixels as depicted in Fig. 1 having the gray levels g 1 to g 9 . Gray level here refers to either luminance or chrominance data. The deblocking filter has already been applied, and the center pixel g 5 corresponds to a block which has been coded in either intra-or interframe mode. We now replace g 5 bỹ
where the binary switches δ i are set according to
and
The threshold S is set depending on the current quantization parameter QP. In case g 5 belongs
to an intraframe coded block we set S = QP, in case g 5 belongs to an inter coded block we choose S = QP/2. The parameter λ controls the amount of smoothing and typically lies in the range of 8 to 16.
This filter is adaptive in two ways: First, only those neighborhood pixels are included in the filter mask where the corresponding gray level is within a certain confidence interval around
Electronics Letters, vol. 34, no. 22, pp. 2110 -2112 , October 1998 the gray level of the pixel to be filtered. Second, the confidence interval itself adapts to the amount of ringing noise expected in that the threshold S is adjusted depending on the quantization parameter. Finally, the filter mask is strictly local since only pixels within a 3 x 3 window around the current pixel are considered. Similar to the deblocking filter, the deringing filter is restricted to those blocks which have actually been coded. Pixels of not coded luminance or chrominance blocks are also not filtered.
Regarding the computational complexity it should be pointed out that theδ -Operator in (1) does not require a multiplication but can be implemented with a simple add / not add operation. In the worst case hence 16 additions, 9 increments / shifts, and 1 division have to be performed for each pixel to be filtered. It is also noteworthy that the filter does not rely on any sequential processing and can operate in parallel on all image pixels.
Simulation Results
The described adaptive filter has been applied to different image sequences from an ITU test set at various bit rates. For this purpose each sequence was coded using H.263 with none of the options switched on except the deblocking filter in Annex J. The coding mode was IPPP...,
i.e. all frames of a sequence were coded in interframe mode except for the first frame which was coded as I-picture. To arrive at a certain bit rate, an appropriate quantizer value was chosen and kept constant throughout the sequence. This way possible side effects from a specific rate control mechanism can be avoided. Each sequence was coded with and without the proposed deringing filter added to the prediction loop.
The results of these simulations for λ = 8 are summarized in Table 1 . It can be seen that by adding the proposed filtering to interframe coding the PSNR for the luminance component
Electronics Letters, vol. 34, no. 22, pp. 2110 -2112 , October 1998 increases by 0.1 to 0.2 dB throughout the test set. The gain is almost independent of the bit rate and the sequence chosen. Only for the Container Ship sequence, which has very fine granular image details due to large image areas being covered by water, a slight drop in PSNR can be observed at a bit rate of 112 kbit/s. However, all sequences show a considerably improved subjective image quality. This is especially visible when looking at the decoded video sequence due to the lack of temporal flickering noise. A sample coding result for frame 75 of the Hall Monitor sequence is depicted in Fig. 2 .
The last two columns of Table 1 show the results for the first frame of each sequence which was coded as I-picture. The gain when adding the deringing filter is in the same order of magnitude as for P-frames, underlining that the proposed filter works equally well for inter-as well as intraframe coding. The reason for this is that the threshold S in (2) automatically adjusts the filter strength to the coding mode. Intraframe coded frames usually exhibit more ringing noise than interframe pictures, thus requiring stronger smoothing and hence a larger threshold.
Conclusions
In this contribution an efficient filter for suppressing ringing and mosquito noise has been presented. The filter is numerically simple and adapts itself to the image content as well as to the coding mode by varying two parameters: filter mask and filter strength. Regarding the discussion loop filter vs. post filter we experienced that the loop filter approach chosen here
• has a slightly better visual performance,
• is computationally simpler as it allows to use the same decoded picture for prediction and display, and
• keeps the additional delay small.
Electronics Letters, vol. 34, no. 22, pp. 2110 -2112 , October 1998 However, a loop filter is subject to standardization if it is be used in a video communication system. As such it may be an issue e.g. for Version 3 of H.263 scheduled to be decided by November 2000.
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Fig. 1: Local 3 x 3 neighborhood considered for filtering. 
